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Evaluation of Overtopping Risks of Levee by using
Reliability Analysis
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Abstract

Due to frequent occurrence of a localized torrential downpour caused by global
warming and change of outflow tendency caused by rapid urbanization and
industrialization, risk analysis must be carried out in levee design with uncertainty.
In this study, reliability analysis was introduced to quantitatively evaluate the
overtopping risk of levee by the uncertainty. First of all, breaking function was
established as a function of flood stage and height of levee. All variables of
breaking function were considered as random variables following any distribution
functions, and the risk was defined as the possibility that the flood stage is formed
higher than height of levee. The risk evaluation model was developed with AFDA
(Approximate Full Distribution Approach). The flood stage computed by 2-D
numerical model FESWMS-2DH was used as input data for the model of levee
risk evaluation. Risk for levee submergence were quantitatively presented for levee
of Wol-Song—-Cheon.

FINE A, FY 4, 9¢%=, FESWMS-2DH =2 3&
Keywords : levee, reliability analysis, risk, FESWMS-2DH model
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2 =

°l S % s 3, A A s

& F&dte Aol rhestrtd Bk AAA A D& vt s GENTFe AgTdsrs: 74
7b pssitka & 4 ok ste FEWSVE E Aolx, 2¥A &e Agdde
SR gAEe A4E4 g Te g2 FEdsE FAtE FEUFZ H2E & Ak
A GACNMRE 74 WEEe] BEAAAS a1y ole} e IS AAY AAEH MMyt xd
& oo §EEH Jdd Vxd sMHot We] thE B o 2EAQL Ade Fdsithn
2] gE24 P He =Yt FFEH B sk olw] A wpel o] FEEH 4
TrEC ZHA He HEE AgHor Hrist AR EH o] thE ZEA Aol A #HA
I olE FEyor xAgstel HAHo FxE A of #HENsE FENFE stk 234 @
& Fdstsd Ak o] E 93 FEE4 S g el Stk wEtd FHE AT g ol
Ae g 2 AFHed 9IS FE BE WFE o= dXsty] flEiAe #B¥E FEWRF @
S AR EA sM¥AE b2 2HA7) old B84 ATEAE] #d WF BAH 549
oo BEHAE zte FENMSRE uesta v Bt g 2 agn g FEEEFG 9 st
[3] Suk2 A e ojof gt
olv] A misp o] FEEZ FHAPAAME SEEH XA Adserd Badde 2
A 53 e & FxREY AACd x3dE = o el Al AR R A6l WA
T WFES FAAI} obd oo EEYS 3 SEWF7E nfsA A HE 294 23had
= &EHSE ayste] A Wi Sd94 (random uncertainty)o]t}. o]¢} & =23 53
o Hod T Had A4 @ AR T A& ME] skl =9 84 fdel &
A= Aol shEstth A A AAA Qs EREIFoIY EI =¥ FERIIFE L
St R HA AAVE sbssit Bd 2 E ot B4k S e oy WS &
of AFAEE A Fr 24, A@sE + 9 ot A FERETFY ATEHAE A5
71 Wl F71HQl A E HFdE f&5H Aeide WA ZEFF WESol AA ook
ol-gd + ArH4] e, ook e ®gE ARAAN UxHE
2H4E B4 B84 (statistical uncertainty)
2. maostgol g olgt Atk wekA ofs} e BHAAYS HEs
A7) AsiAe dele #AAI dvE s
FAFgFS o FRE oW x7o] FolA E# o] Baslth vixuon FQsA Azt ord
& o] ZHeA AAAIL Jrd AN JFE B3 ddol #AFrEs FHste HACd AREE
o] &8E 4 gExA oRZ Hualy] 9dte] 34 2y ZAA 7 WESE 844 (model unc
o2 Aolg gpolr). wEl BEEH AL & —ertainty)olth. b ow £z wye Pt
vz Fdsty] YaAE SRt WA ginc #HE Hes9 Wle] e AdRE 43357 9
o} #AE AHFgFE gulE FYsE Zo] o o] MdEa AA R A4 SH FRE] oHd
s, 93t fetd o v glyod oy obd g A S flste] AAE R RPEEL A8
el FAE vetde FFelr] miEd dA7A o pAANe Ewsy] 9ste] FFFHoer A"
FAE HH EAd o A7 Aods: 0o Aotk wbA AAE AP Lol B B34
sl AEel Ao r Yxd Fyrel gk g o} F
od APA e £ RYE o] &3E v 2] A3 ddd 4y ARE A ga 9
e gutd o Aol EISY A= ol = 3 wAE Ads AEsA dFste
geojet = ok ol A= el AFT Re E7Hssi
F Qe dEUSER FHEE, AFEFE W o1l A itel vhsh 2ol FEEH HNe &
2 JF2EY 7% Fyds5dEe diire o dx w2 A #3887 fsiME vE 2ol Al A=
HAE gEWFER A" a8y doe A Ao Gt AA FREB IAFE & F dv T
548 o]&dit B ojwl BFEWMEsL A ERFEY] ZAolt ojg e FERFE A
o] EIE =R ol W tEdSo| EIE =) A 71 MaErk s Ao, Al EAS
sz e wrl gk oluli= thgn o] el WEvE S Aol 3 oy ddd
o BEWLS WAV AN AFEET) EEE AF7E 9g Aol oy dAle g5 59
2 L Aastex2 sty 44 & & ojth. SrellA AE wkel o] FHF S 9%
Qoo AL AgstE AfddE ol T o
0Z/6X 50 . =12, n D AZE FAlel o] Fold & Stk vk 9 & H
#Frs Tt HAdd shestd FI R
= g3 ese wIE <dele] sFEWMIIL 4 HEE B2 Wess FEWFRE nEsteE Ao
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Aol 47 A¥E A

RERRE EE IR

A s, wd ZWA AAT vEsE B3
e nee 4 dE FBUFE EPolob @}
s gARE AGeES HEEE, 5 HAF
S8 FHSRE 4 BBAFEA U AEH BE
5435 BAR WFEel ANagel ues) 3
¥ sjojop @r

Aol 47 Y= BYS FHII YdAME
AA DiFel I Gy r=Z GEsiA Ao sty
of gt} B Ao 27 1o vrEbd dRbE el
A& AHgEsATh

AN £ N\
T v’ \b ['| S

.|4

Levee dw Levee

T Ay B2 =34 2w €RHEvn
A7 ool BEagde] doez Aey
7 &Fs T v A Q% 2L Ry
2 G4 4de F Uk

Z=H,—(d w+Fd @)
= O ] H R

71, z= <ol (safety margin), g A
Wi, g5 79, e ohEel oF Weae
ojth. uweEtA FEEA A S Sul2A Y3
A= e dE ZE AFEES FEW
2 ) of s} e 7t BEHFe] AFEA
off g BXFFE ol &ofnt sttt 53] &9
of g REFFE AEEE WEA g3 54
i ¥ (extreme distribution)E W&ttt 7}4 &t
ol #Z Aso AT Fo|th 1 9 tE FE
HWEELe Ay s gavda 7149t

E ATdA AgY €F7 JFEE ] ¢
slo 483 dEEA d4 2 AFDA(Approxim
-ate Full Distribution Approach) 34|t}
AFDASIM RS SEWHFE] SyAdoldA At
TAEE GEgE AGES AT A 7184

J Ade dole gL 2E FEWFS 9
ol ol5g MR 5¥HQ WAR waATE F}
gol, MATEEE w2 SEgussl Qe 24
E oY HEURIR LXPRE FATEE
(equivalent normal distribution)® %33l 34
of Washl Ak okl FARTFEE WE HA

W s,

-senblatt WM& o] &3t T FEWHF] EX
S AT EIE F At oo} Zo] AFEEste
GERYEE FAMGTFE X Sl Rosenblatt ¥3}
o AAEANA HAFEEY FEUEd5 BF
o] ghol A i Eel I FdsithE gl
Al AR Aot Wk qlelo] FE W, x Ut W
2
RACIEES F= oty 7P e 4 (Qoz
geojd 4 ArH6l

ANA St ot FAATRES BT} E

F=AAZ AR AAHY ABE o] &3]
HhE AlgkE ojolst= m A rh "k AAIA ] A
BE o]g3W FAATEEY Hy FEAAE
2 (3 ol &3 v A WE HE H4A 7+
& Atk
I G tYC))
Ox/ =" & (4a)
Fx(x)
UXL':X?_(Dil[FXl(x?)]O x/ (4b)
START

]

ESdE =]

A AL (L2 Erel MEst)

X o ALt
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01 4 &, g 4, A4 A =
aeee HIFFE pAsE FERE AT E 2 HEC-RAS 804 W&
REE 2d 9= 39E 4 Q% 4 @
Nde Agste] WBsl H9 RE SEAST HEC-RAS (#<h)
AFEEE G2A Ha AAFe FHIES
A 7+ 4 2tk AFDAC] 9% 9% 4 = 240 x| ug| ox| A\ g | P (%)
g 29 20 AN,
H,(m)|7550[0.604] - | -
4 g7 RIEE EMZT No.0 2.005| 2.249
d,im)[4.880|0.976|1.314|4.441
S-Yuete] AWas ofa Adel FEl-E
el ®A dvy BHAAYe] B @ A Hm)|7.300{0584| - | -
A ARERA AREE AT, whel ol F B ekl No.l 2.428| 0.759
ol A% Ak, o3 arzAe] Foj% A d,fm)[4.210]0.842(1.523|3.831
Wi AbA o] 7hed Bola, o3 EEgAAS 3
detoma Awie AT 72 AT & 9 H,(m)|6.900(0.552| - | -
A 9% 240 A8 49 AR = 10 No2 2407 0805
14 sk oo d,fm)[4.000(0.800|1.603|3.640
1 9ss 24 goxe H,(m)|4.900(0.392| - | -
No.3 2.701| 0.346
# X W | Ve | Distribution M) [2.600(0.520| 2.466|2.366
1| (m) | Various | 0.08 Normal H,(m)|4.000(0.320] - .
2 | dy(m) | Various | 0.20 Gumbel No.4 2.814| 0.245
5 | frym| 000 | 030 Normal d,i™)|2.0400.408| 3.144| 1.856
H,(m)|3900[0.312] - | -
WFAG L 22 FARF Y ATAFH} T No.5 2292 1.096
stk 25 W (NoO~No. 10) Aol thate] 1349 dyf™m)|2.:300]0.460| 2.788| 2.093
2.3 ¢l HEC-RAS[7]9} 229123 2] FESWMS-2
DHI8I®l $%91 @& 7HAa 2-$tae] A3 No. | Hm)|4600/0368) - | -
Agel ANGES A7 B AT ® 2-5% 5+29 1400} 8078
B A Py d,fm)|[3.450(0.690|1.859|3.140
E 2004 b Be AN FES dehhE Ad
£ No 59 Ol ALY S AAAE H(m)|4000]0:320 SN -
5019 (%) 3/ debsnh ® Al el d,4m)[2.130(0.426(3.011|1.938
513 o] vteEbbA] ekttt o] A& HEC-RAS 3
Aol g dAgT ® 3004 B EE 5 H(m)[4.800(0.384] - _
Qomrew ZA Uetwth & 3 =9 iRt No.7 - 4.035| 0.003
skt Aol dtagEe] =dth A FEC] I dy$m)|1.740|0.348| 3.685|1.583
S AW No. 5+29% 338 E0] 4449 (%) 1}
ehth. FESWMS-2DH a4 ¢ 7 akst 9 3} H,(m)|5.100{0.408] - | -
¥ 4% HEC-RASS| 2004 Hlie] Az Aot o No.8 5.001| 0.000
NEgET 1 AFES F 29 809 HlEel A gt dy#m)|1.410{0.282|4.548|1.283
I A g gy gEe]l w2 AR No
5+299] $-obe] T HES 22608 (%)= A 5 H(m)[4900/0392 - | -
itk ¥ 5% FESWMS-2DHE] 2004 Hlwe] 4l No.9 5.001} 0.000
;q_/l:s,/]r 1—4_1] Q’%E 1 76]60}:_‘% I 394 805 E‘J_E dV[Sm) 1.380(0.276]4.647|1.256
A gtk Xt 7P B BEe] =2 A (m|5.00000.400
o] ©.olo] m3 IFFO 0 H\ W |o. ' B B
gﬂN;.mazw $-ore] uhm BHES 4738 (%)= Nolol a1l 0000
R d,fm)[1.610(0.322|3.983|1.465
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A= Aol od A dF AFEE A

® 2 HEC-RAS 804 T (H %) ® 3 FESWMS-2DH 80 EIT&
HEC-RAS (%$-¢h) FESWMS-2DH (#¢l)

4 0x | e | ox| x| A| BP0 4l X | el ox| x| A| BP0
H,(m)|7.800|0.624| - - H,(m)|7.550(0.604| - -

No.0 2.129| 1.663 No.0 2.005| 2.249
dufm) 4.88010.976(1.314|4.441 dufm) 4.880(0.976(1.314|4.441
H,(m)|7.300|10.584| - - H,(m)|7.300(0.584| - -

No.1 2.428| 0.759 No.1 2.424| 0.768
dufm) 4.21010.842{1.523]3.831 dufm) 4.215(0.843(1.521|3.836
[-[L(m) 6.90010.552 - - [-[L(m) 6.900({0.552 - -

No.2 2.407| 0.805 No.2 2.327| 0.999
dufm) 4.00010.800{1.603|3.640 dufm) 4.088(0.818(1.569|3.720
[-[L(m) 5.40010.432| - - ]_[L(m) 4.900(0.392| - -

No.3 3.056| 0.112 No.3 2.561| 0.522
dujm) 2.600(0.520(2.466|2.366 dufm) 2.70310.5412.372|2.460
]_[L(m) 4.30010.344| - - ].[L(m) 4.000{0.320f - -

No.4 3.079| 0.104 No.4 2.942| 0.163
dufm) 2.040(0.4083.144|1.856 dV[Sm) 1.966(0.393(3.262|1.789
]_[L(m) 4.00010.320f - - [-[L(n'l) 3.90010.312| - -

No.5 2.387| 0.850 No.5 2.998| 0.136
dufm) 2.300(0.460(2.788|2.093 dufm) 1.884(0.377(3.404|1.714

No. [-[L(m) 4.30010.344| - - No. I-IL(m) 4.600(0.368| - -

5499 1.122| 13.097 5499 2.629| 0.428
dufm) 3.450{0.690(1.859|3.140 dufm) 2.48610.497|2.580|2.262
[-[L(m) 4.30010.344| - - ]_[L(m) 4.000{0.320f - -

No.6 2.928| 0.171 No.6 2.532| 0.567
dufm) 2.130(0.426(3.011|1.938 dufm) 2.20910.442(2.903|2.010
[-[L(m) 5.00010.400f - - ]_[L(m) 4.800(0.384| - -

No.7 4.186| 0.001 No.7 3.768| 0.008
dufm) 1.74010.348|3.685|1.583 dufm) 1.910{0.382(3.357|1.738
[-[L(m) 521010417 - - [-[L(m) 5.100{0.408| - -

No.8 5.001| 0.000 No.8 3.931| 0.004
dufm) 1.41010.282(4.548|1.283 dufm) 1.910{0.382(3.357|1.738
]_[L(m) 5.11010.409| - - ].[L(m) 4.900(0.392| - -

No.9 5.001| 0.000 No.9 5.001| 0.000
dufm) 1.38010.276]4.647|1.256 dujm) 1.170{0.234]5.481|1.065
]_[L(m) 5.10010.408| - - [—[L(n’l) 5.000{0.400| - -

No.10 5.001| 0.000 No.10 4.009] 0.003
dufm) 1.610/0.322]3.983|1.465 dufm) 1.830(0.366(3.504|1.665
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)

o] S s od A oA S
®* 3 FESWMS-2DH 80 Bl (A %) ¥ 4 HEC-RAS 2004 dl&
FESWMS-2DH ($-¢h) HEC-RAS (F°h)

SH| X | ux| ox| x| M| BB A x| x| ox| x| A] B |P O
H,(m)|7.800|0.624| - - H,(m)|7.550(0.604| - -

No.0 2.129| 1.663 No.0 1.562| 5.916
dufm) 4.88010.976(1.314|4.441 dufn’l) 5.470(1.094(1.172|4.978
H,(m)|7.300|10.584| - - H,(m)|7.300(0.584| - -

No.1 2.459| 0.697 No.1 1.931| 2.675
dujm) 4.17510.835({1.536|3.799 dufn’l) 4.810(0.962(1.333|4.377
[-[L(m) 6.90010.552 - - [-[L(m) 6.900({0.552 - -

No.2 22111 1.352 No.2 1.909| 2.814
dufm) 4.21810.844(1.520|3.838 dufn’l) 4.570(0.914(1.403|4.159
[-[L(m) 5.40010.432| - - [_[L(m) 4.900(0.392| - -

No.3 2.740| 0.307 No.3 1.942| 2.608
dujm) 2.84210.5682.256|2.586 dufn’l) 3.20010.640(2.004|2.912
[_[L(m> 4.30010.344| - - [.[L(m) 4.000{0.320f - -

No.4 3.079| 0.104 No.4 2.143| 1.606
dufm) 2.040(0.4083.144|1.856 dV[Sn’l) 2.46010.492(2.607|2.239
[_[L(m) 4.00010.320f - - [-[L(n’l) 3.90010.312| - -

No.5 2.564| 0.518 No.5 2.092| 1.823
dufm) 2.189(0.438(2.930|1.992 dufn’l) 2.43010.486|2.639|2.211

No. [-[L(m) 4.30010.344| - - No. I-IL(m) 4.600(0.368| - -

5499 1.701| 4.449 5499 1.049| 14.713
dufm) 2.98210.596(2.150|2.714 dufm) 3.76010.752(1.706|3.422
[-[L(m> 4.30010.344| - - [_[L(m) 4.000{0.320f - -

No.6 2.821| 0.240 No.6 2.158| 1.547
dufm) 2.195(0.439(2.922]1.998 dufn’l) 2.45010.490(2.617|2.230
[-[L(m) 5.00010.400f - - [_[L(m) 4.800(0.384| - -

No.7 3477 0.025 No.7 3.514| 0.022
dufm) 2.130{0.426(3.011|1.938 dufn’l) 2.02010.404(3.175]1.838
[-[L(m) 521010417 - - [-[L(m) 5.100{0.408| - -

No.8 5.001| 0.000 No.8 5.001| 0.000
dufn’l) 0.890(0.178(7.205|0.810 dufn’l) 1.550(0.310{4.137|1.411
[_[L(m) 5.11010.409| - - [.[L(m) 4.900(0.392| - -

No.9 4.391| 0.001 No.9 5.001| 0.000
dujm) 1.6800.336(3.817|1.529 dV[Sn’l) 1.520{0.304(4.219|1.383
[_[L(m) 5.10010.408| - - [—[L(m> 5.000{0.400| - -

No.10 3.769| 0.008 No.10 4.165| 0.002
dufm) 2.000{0.400(3.206|1.820 dufn’l) 1.750{0.350(3.664|1.593
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A= Aol od A dF AFEE A

® 4 HEC-RAS 2004 Hl% (A %) ¥ 5 FESWMS-2DH 2004 Hl&
HEC-RAS (%$-¢h) FESWMS-2DH (#¢l)

SH| X | ux| ox| x| M| BB A x| x| ox| x| A] B |P O
H,(m)|7.800|0.624| - - H,(m)|7.550(0.604| - -

No.0 1.697| 4.486 No.0 1.556| 5.987
dufm) 5.47011.094(1.172|4.978 dufn’l) 5.470(1.094(1.172|4.978
H,(m)|7.300|10.584| - - H,(m)|7.300(0.584| - -

No.1 1.931| 2.675 No.1 1.950| 2.560
dufm) 4.81010.962(1.333|4.377 dufn’l) 4.787(0.957(1.340|4.356
[-[L(m) 6.90010.552 - - [-[L(m) 6.900({0.552 - -

No.2 1.909| 2.814 No.2 1.833| 3.341
dufm) 4.57010.914(1.403|4.159 dufn’l) 4.661(0.932(1.376|4.242
[-[L(m) 5.40010.432| - - [_[L(m) 4.900(0.392| - -

No.3 2.332| 0.985 No.3 1.863| 3.124
dufm) 3.200{0.640(2.004|2.912 dufn’l) 3.24910.650(1.974|2.957
[_[L(m> 4.30010.344| - - [.[L(m) 4.000{0.320f - -

No.4 2.432| 0.751 No.4 2.175| 1.482
dujm) 2.460(0.492(2.607|2.239 dV[Sn’l) 2.42710.485(2.642|2.209
[_[L(m) 4.00010.320f - - [-[L(n’l) 3.90010.312| - -

No.5 2.194| 1.412 No.5 2.476| 0.665
dufm) 2.430(0.486|2.639|2.211 dufn’l) 2.18110.436(2.940|1.985

No. [-[L(m) 4.30010.344| - - No. I-IL(m) 4.600(0.368| - -

5499 0.752| 22.608 5499 2.247| 1.233
dufm) 3.760(0.752(1.706|3.422 dufn’l) 2.77410.555(2.312|2.524
[-[L(m> 4.30010.344| - - [_[L(m) 4.000{0.320f - -

No.6 2.446| 0.723 No.6 2.666| 0.384
dufm) 2.450(0.490(2.617|2.230 dufn’l) 2.11410.423(3.033|1.924
[-[L(m) 5.00010.400f - - [_[L(m) 4.800(0.384| - -

No.7 3.678| 0.012 No.7 3.465| 0.027
dufm) 2.020(0.404(3.175|1.838 dufn’l) 2.03910.4083.145|1.856
[-[L(m) 521010417 - - [-[L(m) 5.100{0.408| - -

No.8 5.001| 0.000 No.8 3.657| 0.013
dufm) 1.55010.310{4.137|1.411 dufn’l) 2.06010.412(3.113|1.875
[_[L(m) 5.11010.409| - - [.[L(m) 4.900(0.392| - -

No.9 5.001| 0.000 No.9 5.001| 0.000
dujm) 1.52010.304(4.219|1.383 dV[Sn’l) 1.223(0.245(5.243|1.113
[_[L(m) 5.10010.408| - - [—[L(m> 5.000{0.400| - -

No.10 4.248| 0.001 No.10 3.580| 0.017
dufm) 1.75010.350(3.664|1.593 dufn’l) 2.06410.413(3.107|1.878
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[e]
<,

# 5 FESWMS-2DH 200 &l = (A %)

FESWMS-2DH (-<h)

2

Hx

Ox

P, (%)

HL(m)

7.800

0.624

No.0

dyfm)

5470

1.094

1.172

4.978

1.692

4.534

No.1

HL(m)

7.300

0.584

dyfm)

4.775

0.9%5

1.343

4.345

1.959

2.506

No.2

HL(m)

6.900

0.552

dyfm)

4.300

0.860

1.491

3.913

2.139

1.622

HL(m)

5.400

0.432

No.3

dyfm)

3.170

0.634

2.023

2.885

2.345

0.952

No.4

HL(m)

4.300

0.344

dujm)

2.300

0.460

2.788

2.093

2.656

0.396

No.5

HL(m)

4.000

0.320

dyfm)

2.344

0.469

2.736

2.133

2.319

1.020

HL(m)

4.300

0.344

5+29

dyfm)

3.005

0.601

2.134

2.135

1.671

4.738

No.6

HL(m)

4.300

0.344

dyfm)

2.366

0.473

2.7110

2.153

2.555

0.531

No.7

HL(m)

5.000

0.400

dyfm)

2.264

0.453

2.832

2.060

3.263

0.055

HL(m)

5.210

0.417

No.8

dyfm)

1.001

0.200

6.406

0.911

5.001

0.000

No.9

HL(m)

5.110

0.409

dujm)

1.813

0.363

3.537

1.650

4121

0.002

No.10

HL(m)

5.100

0.408

dyfm)

2.27T7

0.455

2.816

2.072

3.315

0.046
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